
Systematic errors potentially arise from several sources.
The bunch counter, used for the spin directions, identifies
events in the abort gaps arising from single-beam back-
grounds. They account for <5! 10"4 of the observed
yield. Systematic effects from gain variations with time
are controlled by polarization reversals of the stored beam
bunches, as demonstrated by examples of spin-sorted M!!

for L;R modules in the inset of Fig. 2. Distributions of the
significance, Si ¼ ðAN;i " ANÞ=!AN;i, are well described
by zero mean value Gaussian distributions with " equal to
unity, as expected if the uncertainties are dominated by
statistics, except near the trigger threshold where larger "
is observed. Systematic errors are estimated from "!
!AN and differences in AN associated with #0 identifica-
tion, with the largest value chosen. The upper limit on a
correlated systematic error, common to all points, arising
from instrumental effects is $AN & 4! 10"4.

The same pair of modules concurrently measure AN

values consistent with zero for xF < 0 and AN that in-
creases with xF for xF > 0, depending on which beam
spin is chosen. Null results at xF < 0 are natural since a
possible gluon Sivers function is probed where the unpo-
larized gluon distribution is large. For xF > 0, a calculation
[13,28] using quark Sivers functions fit [29] to SIDIS data
[7] best describes our results at h%i ¼ 3:3. Twist-3 calcu-
lations [16] that fit p" þ p ! #þ X data at
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p ¼ 20 GeV
[4] and preliminary RHIC results from the 2003 and 2005
runs at
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p ¼ 200 GeV [21,22] best describe the data at
h%i ¼ 3:7. Both calculations are in fair agreement with the
variation of AN with xF. Neither calculation describes data
at both h%i.

Events from modules at different h%i that overlap in the
xF-pT plane (Fig. 1) provide consistent results. Hence, it is
possible to further bin the results not only by xF but also by
pT . For this analysis, pT is determined from the measured
energy, the fitted position of the #0 within an FPD module,
and the measured position of the module relative to the
beam pipe and to the collision vertex. The z component of
the event vertex uses a coarse time difference between the
east and west beam-beam counters, and is determined to
(20 cm resulting in !pT=pT ¼ 0:04, where !pT is the
uncertainty in pT . One method of determining the pT

dependence (Fig. 3) was to select events with jxFj> 0:4.
AN is consistent with zero for xF <"0:4. For xF > 0:4,
there is a hint of an initial decrease of AN with pT , although
the statistical errors are large, since h%i ¼ 4:0 data were
only obtained in the 2003 and 2005 runs with limited
integrated luminosity and polarization. For pT >
1:7 GeV=c, AN tends to increase with pT for xF > 0:4.
This is contrary to the theoretical expectation that AN

decreases with pT .
The results in Fig. 3 may still reflect small correlations

between xF and pT for each point, rather than the depen-
dence of AN on pT at fixed xF. To eliminate this correla-
tion, event selection from Fig. 1 was made in bins of xF,

followed by bins in pT . The resulting variation of AN with
pT is shown in Fig. 4, compared to calculations [13] using
a Sivers function fit to p" þ p ! #þ X data [4] and twist-
3 calculations [16]. For each point, the variation of hxFi is
smaller than 0.01. There is a clear tendency for AN to
increase with pT , and no significant evidence over the
measured range for AN to decrease with increasing pT , as
expected by the calculations. This discrepancy may arise
from unexpected TMD fragmentation contributions, xF; pT

dependence of the requisite color-charge interactions, evo-
lution of the Sivers functions, or from process dependence
not accounted for by the theory.
In summary, we have measured the xF and pT depen-

dence of the analyzing power for forward #0 production in
p" þ p collisions at
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p ¼ 200 GeV in kinematics (0:3<
xF < 0:6 and 1:2< pT < 4:0 GeV=c) that straddle the
region where cross sections are found in agreement with
pQCD calculations. The xF dependence of the #0 AN is in

FIG. 3 (color online). Analyzing powers versus #0 transverse
momentum (pT) for events with scaled #0 longitudinal momen-
tum jxFj> 0:4. Errors are as described for Fig. 2.

FIG. 4 (color online). Analyzing powers versus #0 transverse
momentum (pT) in fixed xF bins (see Fig. 1). Errors are as
described for Fig. 2. The calculations are described in the text.
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